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(54) Probe and test socket assembly 

(57) A probe (4) and test socket (1) assembly 
wherein spring biased plunger probes (4) of extraordi- 
narily small diameter, such as 0.5 mm, are densely 
packed into a test socket (1 ) for testing of integrated cir- 
cuit chips (3). The socket (1 ) is constructed in upper and 
lower halves (14,15) with bores (19) to receive the 
probes (4). To manufacture probes (4) of such "small di- 



ameter and to provide minimal and constant electrical 
resistance, the plungers (42) and barrel (30) of the 
probes (4) are not crimped or otherwise secured togeth- 
er. The configuration of the socket bore walls in combi- 
nation with the probe (4) maintains the probe plunger 
(42) and barrel (30) together. The assembly is particu- 
larly useful in densely packed arrays of extremely fine 
diameter probes for testing densely packed test sites. 




EP1 172 658 A2 



1 



EP1 172 658 A2 



2 



Description 

[0001] This invention relates to spring biased electri- 
cal contact probes in general and specifically to such 
probes that are of extremely small size and used in 
densely packed electrical test sockets. 
[0002] Test sockets are used in the electrical circuit 
test industry as an interface between a test circuit board 
and the device under test, commonly called a DUT. Test 
sockets are normally used for a DUT that has relatively 
densely packed contact points. Such a device could be 
an integrated circuit chip, commonly called an IC. The 
test socket is configured to receive a particular configu- 
ration of IC. Electrical test spring contact probes in the 
well of the test socket extend to the other side of the 
socket and contact a circuit board on which the test 
socket is mounted. The test sockets and their loaded 
probes establish an electrical contact path between the 
DUT and the circuit board. 

[0003] Particularly with complex and expensive IC's, 
reliability of the test readings is of critical importance, 
for such DUT's are normally costly and failing a DUT 
because of test socket and probe failure can lead to a 
needlessly high rejection rate which increases the cost 
of manufacture. It is normally preferred to test the IC 
before soldering the IC to a circuit board and then func- 
tionally testing the finished article. If the IC then fails, 
scrapping the finished article is extremely expensive 
both in terms of material and time costs. An integrated 
circuit of complexity with densely packed pad contacts 
is expensive, making accuracy and reliability of the test 
equipment critical. 

[0004] The test equipment is even more expensive 
and a test socket densely packed with test probes more 
expensive still. Because of the costs involved, these de- 
vices must be reliable and have long life. Test sockets 
produced by the applicant are expected to provide reli- 
able readings for over 500,000 cycles. 
[0005] Probes used in the test sockets provide the in- 
terconnection between the test circuit board and the IC. 
These must stand up for over 500,000 cycles and are 
of extremely small dimension. For example, contact 
probes in a test socket must be approximately .02 inch 
(0.5 mm) in diameter and may have a fully extended 
length of .2145 inches (5.4 mm). Such probes are ex- 
tremely difficult to manufacture, as they typically consist 
of a barrel, a coiled spring within the barrel and exten- 
sible plunger extending from the barrel and biased to an 
extended position by the coil spring. Heretofore, the bar- 
rel has been crimped about a reduced area of the plung- 
er, allowing the plunger to reciprocate relative to the bar- 
rel. Crimping requires an extra step of manufacture and 
is difficult in an item so small. Moreover, it results in re- 
duced surface area of contact between the plunger and 
barrel, leading to decreased surface area of contact and 
greater resistance. Electrical resistance is inversely pro- 
portional to the square of the cross-sectional area of 
contact. By increasing the surface area of contact, there 



is less resistance. The inventor has determined that 
minimal, constant resistance in the contact probe is of 
great importance in increasing reliability of the testing 
sequence. 

5 [0006] The present invention provides a combination 
probe and test socket assembly in which a probe of ex- 
tremely small size, such as .02 inch (0.5 mm) diameter, 
is formed with a barrel, a hollow plunger shaft and an 
interior coil spring which urges the plunger into an ex- 

10 tended position relative to the barrel. The probe is dou- 
ble ended; that is, the barrel has a contact tip and the 
plunger has a contact tip, allowing the probe to connect 
linearly spaced electrical test sites. The probe is de- 
signed for maximum electrical contact, leading to ex- 

15 tremely low resistance and does not have a crimp or oth- 
er conventional connecting means. The bore through 
the test socket for the probe is designed with upper and 
lower inner shoulders and the socket is of a two-piece, 
upper and lower section design. To fit the probe into the 

20 bore, the upper and lower sections are separated and 
the probe inserted therein. The upper and lower shoul- 
ders within the bore keep the probe together. The probe 
provides extremely low and consistent electrical resist- 
ance. 

25 [0007] The present invention is thus able: 

to provide a probe and test socket assembly where- 
in the probe is of extremely high consistent and low 
electrical resistance; 

30 to provide a test socket wherein the probes are of 
extraordinarily small size and can be densely 
packed for testing integrated circuit chips; 
to provide such a probe which can be manufactured 
with a high degree of accuracy and low cost; and 

35 to provide such a probe and test socket assembly 
which is able to withstand a high amount of cycles, 
such as 500,000 cycles before changeout. 

[0008] The invention will now be more particularly de- 
40 scribed, by way of example, with reference to the ac- 
companying drawings, in which:- 

Figure 1 is a cross-sectional view showing the 
probe and test socket assembly mounted upon a 

45 circuit board and with an integrated circuit chip po- 
sitioned in the well of the test socket. 
Figure 2 is a bottom view of a typical integrated cir- 
cuit chip of a type tested by the assembly. 
Figure 3 is a top view of the test socket showing the 

50 well in which integrated circuit chips are placed for 
testing. 

Figure 4 is a longitudinal sectional view of the probe 
as it would be in a free state within the test socket. 
Figure 5 is a longitudinal sectional view of the probe 
55 as it would be in a full test condition in the socket. 

Figure 6 is a sectional view of the probe within the 
test socket and compressed against an underlying 
circuit board. 
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Figure 7 is a sectional view of the probe in a test 
socket as it would be in a test condition. 

[0009] Detailed embodiments of the invention are dis- 
closed herein; however, it is to be understood that the 
disclosed embodiments are merely exemplary of the in- 
vention which may be embodied in various forms. 
Therefore, specific structural and functional details dis- 
closed herein are not to be interpreted as limiting, but 
merely as a basis for teaching one skilled in the art to 
variously employ the present invention in any appropri- 
ately detailed form, and as a basis for the claims. 
[0010] The reference numeral 1, Figure 1, generally 
indicates a test socket which is mounted upon a circuit 
board 2 which is part of an automated testing apparatus 
(not shown). The automated testing apparatus is com- 
puter-controlled to provide a sequence of electrical im- 
pulses through the circuit board 2, the test socket 1 and 
into an integrated circuit ship 3, which constitutes the 
device under test (DUT). The test socket 1 contains a 
densely packed array of extremely small diameter 
probes 4. These probes 4 each contain a barrel, plunger 
and internal spring which biases the plunger outwardly 
of the barrel. 

[001 1 ] So that the reader may appreciate the densely 
packed nature of a typical IC 3 to be tested by the ar- 
rangement shown in Figure 1 , such an IC is shown full 
size in Figure 2. The IC consists of a central processing 
area 6 and four rows of contacts 7. Typically, the con- 
tacts 7 are solder ball contacts, as distinguished from 
the bent wire foot contacts of older generation IC's. The 
configuration of the IC 3 is mirrored in the well 9 of the 
test socket 1 . In the illustrated example, the test socket 
1, as seen from the top in Figure 3, includes opposite 
screw holes 1 0 for connection to the circuit board 2 and 
recesses in the well wall 12 to permit handling of the IC 
3 by an automatic handling device. 
[0012] The test socket 1 is preferably formed of syn- 
thetic resinous material and has upper and lower halves 
14 and 15. The halves are connected together, as by 
fasteners 17. Arrayed in the well 9 are a plurality of 
through holes or bores 19. The array of the bores 19 
matches the array of the contacts 7 on the IC 3; that is, 
the test socket 1 is particularly configured to receive and 
test a selected IC 3. 

[001 3] The bore 1 9 is of a particular and unusual con- 
figuration, not being a simple straight-sided hole, but 
configured to fit the particular probe 4 and retain the 
probe together. In particular, the bore 19 has concentric 
upper and lower outlets 21 and 22 and a coaxial inner 
bore 24 of larger diameter than the bore outlets 21 and 
22. Upper and lower shoulders 26 and 27 are formed at 
the junctures of the inner bore 24 with the upper and 
lower outlets 21 and 22. In the illustrative example, the 
shoulders 26 and 27 are chamfered. The dimensions of 
the bore 1 9 are particularized to close tolerances to the 
dimensions of the probe 4. 

[0014] Referring to Figures 4 and 5, the probe 4 con- 



sists of a barrel 30 which has a closed end 31 and an 
open end 32. The barrel 30 is partially hollow, with an 
axial bore 34 extending thereinto from the open end 32. 
The probe 4 is double ended, with the barrel closed end 
5 31 terminating in an engagement tip 36. As is common 
in the industry, the engagement tip may be of various 
configurations and in the illustrated example, is of a four 
pointed crown design intended to engage the IC contact 
ball near its equator, leaving the critical centre area of 
10 the ball unmarred. There is a step down shoulder 38 at 
the juncture between the barrel main diameter and the 
engagement tip 36. The shoulder 38 is sloped at an an- 
gle which matches the upper shoulder 26 of the test 
socket bore 19. The barrel interior bore 34 has an inte- 
rs rior termination 40 generally adjacent the shoulder 38. 
The wall of the bore 34 is manufactured for maximum 
smoothness and consistent diameter. 
[0015] The second major component of the probe 4 
is the plunger 42 which is also hollow, with an interior 
bore 43 and has an open-end 45 and a closed end 46. 
Like the barrel closed end 31, the plunger closed end 
46 terminates in an engagement tip 48. This is the tip 
that is intended to contact a site on the circuit board 2 
when the probe 4 is mounted in the test socket 1. The 
engagement tip 48 is rounded or ball ended, and when 
placed in the test socket 1 , stays in constant contact with 
the circuit site on the circuit board 2. An intermediate 
shoulder 50 necks the plunger 42 from a contact section 
51 of a larger diameter matching the interior diameter of 
the barrel 30 to a smaller diameter section of the en- 
gagement tip 48, which slides through the test socket 
lower outlet 22. The entire interior of the plunger 42 is 
hollow. 

[0016] A coil spring 53 is positioned within the probe 
4 and extends between the interior diameter reduction 
at the shoulder 50 and the termination 40 of the barrel 
bore 34. 

[0017] All parts of the probe 4, including the barrel 30, 
plunger 42 and coil spring 53, are preferably formed of 
a proprietary beryllium copper alloy, although they may 
be formed of other materials well known in the trade. 
The probe 4 may be gold plated, or plated by other highly 
conductive materials. For plating purposes, a hole 54 is 
retained in the barrel wall adjacent to the termination 40. 
[0018] As may be appreciated, the probe 4 is manu- 
factured to very close tolerances. The probe 4 is ex- 
tremely small and its components are smaller yet. For 
example, a probe 4 made according to the present in- 
vention and inserted into a test socket on .65 millimetre 
pitches, or distances centre to centre, has a barrel di- 
ameter of .0215" to .0203" (0.55mm to 0.52mm); a bar- 
rel tip end diameter of .01 65" to .01 57" (0.42mm to 
0.4mm); a plunger diameter of .0164" to .0156" 
(0.42mm to 0.4mm); and a plunger tip end diameter of . 
0120" to .0114" (0.3mm to 0.29mm). The plunger and 
inside of the barrel have a diameter of .0164" to .0156" 
(0.42mm to 0.4mm) and are in substantially full, sliding 
contact without canting of the plunger inside the barrel. 



25 



30 



35 



40 



45 



50 



5 



EP 1 172 658 A2 



6 



When zero force is applied to the probe 4, the total 
length is .2145" (5.4mm); when mounted within the test 
socket and in a free state therein at 0.37 oz. load 
(0.10N), the total length is .2055 M (5.2mm); when in a full 
test condition at 1.11 oz. load (0.31 N), the total length 
is .1875"(4.76mm); when fully retracted at 1 .48 oz. load 
(0.41 N), the total length is .1785"(4.53mm). 
[001 9] The probe 4 is intended for use in pitches (that 
is centre to centre distances) of 0.5 mm. to 1 .26 mm. 
[0020] Other sizes of probes and test sockets can be 
constructed using the disclosed inventive concepts. For 
example, a second embodiment of such a probe has a 
total zero force length of .070"(1 .78mm), .063 " 
(1 .60mm) length at a free state in the test socket, .055" 
(1.40mm) under full test conditions and a .051 " 
(1.30mm) length under maximum travel. This short 
probe with extremely short stroke is useful for certain 
applications. 

[0021] In all embodiments of the present invention, 
the consistency of stoke provides a constant and fully 
predictable resistance, making this probe particularly 
useful when used in a device for processing analog sig- 
nals. The absence of a crimp provides maximum sur- 
face to surface contact area with constant resistance. 
[0022] Other advantages of the probe and test socket 
may be determined from the disclosure, which is not to 
be interpreted as limiting. 



Claims 

1. A test socket (1) for testing integrated circuits (3) 
comprising: 

a. upper and lower test socket layers (14,15), 
the upper layer having a well (9) therein to re- 
ceive an integrated circuit (3) for testing, the 
lower layer (1 4) adapted for connection to a cir- 
cuit board (2); 

b. a plurality of axially aligned bores (19) ex- 
tending through said socket layers (14,15) with 
each bore (19) having upper and lower internal 
shoulders (26,27) narrowing the bore diameter 
adjacent bore outlets (21 ,22); 

c. a plurality of electrically conductive spring 
contact probes (4) mounted in said bores (19), 
each probe (4) consisting of; 

i. a barrel (30) having a hollow barrel shaft 
with an axial inner bore (34) and a necked 
down shoulder (38) extending into a barrel 
tip (36) adapted to engage a first electrical 
site; 

ii. a plunger (42) having a hollow plunger 
shaft with an axial inner bore (43) and a 
necked down shoulder (50) extending into 
a plunger tip (48) adapted to engage a sec- 
ond electrical site, the plunger (42) sized to 



fit snugly and slidably within said barrel 
shaft so that said barrel tip (36) and plunger 
tip (48) project in opposite directions to 
electrically connect the first and second 
5 sites; 

iii. a spring (53) trapped within the inner 
bore of a joined barrel shaft and plunger 
shaft and outwardly biasing said plunger 
(42) from said barrel (30); 

10 

d. said probes (4) trapped in the aligned bores 
(1 9) in said socket layers (14,15) with the upper 
and lower shoulders (26,27) of said bores (19) 
in said socket layers (14,15) abutting the probe 
15 barrel (30) and plunger shoulders (50) to keep 

the probe barrel (30) and plunger (42) together. 

2. A test socket as claimed in claim 1, wherein said 
probe (4) is characterised by the absence of any 

20 means integral to the probe (4) to hold the probe 
barrel (30) and plunger (42) together. 

3. A test socket as claimed in claim 1 or claim 2, 
wherein said spring (53) is a coil spring providing 

25 only axial loading without side loading between said 
probe barrel (30) and plunger (42). 

4. A test socket as claimed in any one of claims 1 to 
3, wherein the bores (19) in said test socket (1) are 

30 on pitches from 0.5 mm to 1 .26 mm. 

5. A test socket as claimed in any one of the preceding 
claims, wherein said probe (4) has an extended 
length of about 5.3 mm and barrel outside diameter 

35 of about .0215" (0.55mm). 

6. A test socket as claimed in any one of the preceding 
claims, wherein said barrel tip (36) extends into said 
socket well (9) and said plunger tip (48) extends op- 

40 positely through said socket lower layer (14). 

7. A probe for use in a test socket to test integrated 
circuits, the probe comprising: 

45 a. a barrel (30) having a hollow barrel shaft with 

an axial inner bore (34) and a necked down 
shoulder (38) extending into a barrel tip (36) 
adapted to engage a first electrical site; 

b. a plunger (42) having a hollow plunger shaft 
50 with an axial inner bore (43) and a necked down 

shoulder (50) extending into a plunger tip (48) 
adapted to engage a second electrical site, the 
plunger (42) sized to fit snugly and slidably 
within said barrel (30) so that said barrel tip (48) 
55 and plunger tip project in opposite directions to 

electrically connect the first and second sites; 
and 

c. a spring (53) trapped within the inner bore of 
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a joined barrel shaft and plunger shaft and out- 
wardly biasing said plunger (42) from said bar- 
rel (30); 

d. said probe (4) being characterised by the 
absence of any means integral to the probe (4) 5 
to hold the probe barrel (30) and plunger (42) 
together. 
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